Syntheses and analytical characterizations of N-alkylarylcyclohexylamines
shifts were consistently downfield (~9.0-9.5 ppm for secondary amines) as a consequence of the deshielding effect following protonation of the nitrogen atom. These shifts are useful in the identification of the protonation state of amine samples. In primary amines, the NH + chemical shifts appeared at ~8.4-8.6 ppm and were shifted increasingly downfield in the case of secondary amines with a Δ NH+ of ~0.5-1.0 ppm for secondary relative to primary amines. Interestingly, the extent of Δ NH+ decreased slightly with increased chain length. The very broad singlet NH 2 + chemical shifts were associated with 2-MeO-PCE (10.2-8.0 ppm) and 2-MeO-PCPr (11.0-7.67 ppm). This peak broadening may be the result of intramolecular H-bond between the aryl-2 methoxyl oxygen loan pairs and the NH protons.
Carbon chemical shifts
13 C Chemical shift data are summarized in Tables 4-6 . C 1 chemical shifts were the furthest downfield (~60 ppm) of all the aliphatic carbon shifts. The downfield position of carbons α to an amine nitrogen have been described. [1] [2] [3] Consistent with this, an amine dependent ΔC 1 chemical shift was observed that moved progressively downfield with increasing degree of amine substitution due to increased deshielding. This shift for secondary relative to primary amines was ~4-5 ppm and the magnitude of this shift increased slightly with increasing N-alkyl chain length. A ~12-13 and 9-10 ppm downfield shift for hydrochlorides PCP and PCPy tertiary amines relative to primary amines respectively was observed previously.
[1]
The 13 C C 2,6 chemical shift showed an upfield shift for secondary (ΔC 2,6 ~1.5 ppm) and tertiary amines (~2-4 ppm) relative to primary amines. Again, an upfield shift of carbons β to the amine nitrogen has been reported. [1, 3] A small 0.4-0.7 ppm ΔC 3, 5 shift was seen with secondary amines shifted downfield relative to primary amines and an increasingly downfield trend was noted with increasing N-alkyl chain lengths. The ΔC 3,5 downfield shift seen previously with the aryl-substituted PCPy series [1] relative to primary amines was equivalent to that of the PCE and PCPr counterparts whereas that with the PCP series was slightly greater (~1.1 ppm). [1] A minor ΔC 4 was observed with secondary and tertiary amines relative to primary amines. As reported, a 0.2-0.3 ppm upfield shift occurred with tertiary amines, being consistently ~0.1 ppm greater with PCP relative to PCPy counterparts. [1] In the case of secondary amines, a small ~0.1-0.2 ppm upfield shift was seen which increased slightly with chain length. Literature on cyclic and acyclic amines generally point toward an upfield shift for carbons delta to an amine nitrogen with both secondary and tertiary amines relative to primary, although this appeared to be reflected only to a relatively small extent as seen here. [2, 3] A ΔC 1' amine dependent chemical shift was detected between each series, consistent with carbons β to the amine nitrogen. [2, 3] This ΔC 1' moved progressively upfield for secondary and tertiary amines relative to primary, (~3-4 and ~7-8 ppm, respectively). A notable exception was the 13 C C 1' chemical shift of 3-Me-PCPr (5c), which shifted slightly downfield from 3-Me-PCA. Similarly, although the HCl salts exhibited a chemical shift difference, the C 1' 13 C chemical shift for 3-Me-PCP and 3-Me-PCPy free bases showed a minimal ΔC 1' with respect to 3-Me-PCA. [1] Causes of these discrepancies with certain 3-Me-substituted compounds are unclear but may be related to unique conformations adopted by 3-Me-PCPr (5c) in the current study and related 3-Me-arylcyclohexylamines which are solvent and protonation dependent. The remaining aryl 13 C chemical shifts showed only minor or inconsistent chemical shift differences between equivalent aryl substituted 13 C chemical shifts. Generally however, secondary and tertiary amine chemical shifts were recorded downfield from primary amine counterparts.
N-Alkyl substitutions of the secondary amines were shifted several ppm upfield with respect to equivalent 13 C chemical shifts of tertiary amines. Likewise, terminal aliphatic carbons were always found further upfield from their non-terminal counterparts. For example, the difference with the α 13 C chemical shift between 3-MeO-PCMe (3a) and 3-MeO-PCE (3b) was 10.69 ppm. In the case of 3-MeO-PCPr (3c), the α resonance shifted 17.25 ppm downfield and this shift is common in the 13 C spectra of various N-alkyl-amines and reflects greater deshielding with increasing alkyl substitution. [2, 4] This effect was also observed with the equivalent 1 H chemical shifts (Tables 1-3) . Finally, the C c 13 C chemical shifts of equivalent aryl substituents exhibited minimal chemical shift differences. 
